The effect of the addition of passion fruit peel powder (PFPP) on the fermentation kinetics and texture parameters, post-acidification and bacteria counts of probiotic yoghurts made with two milk types were evaluated during 28 days of storage at 4 C. Milks were fermented by Streptococcus thermophilus and Lactobacillus delbrueckii subsp. bulgaricus (CY340), and one strain of probiotic bacteria: Lactobacillus acidophilus (L10 and NCFM), Bifidobacterium animalis subsp. lactis (Bl04 and HN019). The addition of PFPP reduced significantly fermentation time of skim milk co-fermented by the strains L10, NCFM and HN019. At the end of 28-day shelf-life, counts of B. lactis Bl04 were about 1 Log CFU mL e1 higher in whole yoghurt fermented with PFPP regarding its control but, in general, the addition of PFPP had less influence on counts than the milk type itself. The titratable acidity in yoghurts with PFPP was significantly higher than in their respective controls, and in skim yoghurts higher than in the whole ones. The PFPP increased firmness, consistency (except for the NCFM strain of L. acidophilus) and cohesiveness of all skim yoghurts. The results point out the suitability of using passion fruit by-product in the formulation of both skim and whole probiotic yoghurts.
Introduction
The passion fruit has origin in tropical countries of America, and Brazil is its greatest producer and consumer, exporting the fruit mainly to United Kingdom, France, Belgium, German and the Netherlands (EMBRAPA, 2010) . The cultivation of yellow passion fruit (Passiflora edulis var. flavicarpa Deg., Passifloraceae) has been preferred for industrial juice production that generates large quantities of by-product composed by seeds and shells representing more than half of the total fruit weight (Salgado, Bombarde, Mansi, Piedade, & Meletti, 2010) .
Functional properties such as anti-hypertensive, hypocholesterolemic and reduction of blood glucose level, have been attributed to the passion fruit peel (Chau & Huang, 2005; Janebro et al., 2008; Salgado et al., 2010; Zibadi et al., 2007) . Beyond the content of 10e20 g of pectin, a soluble fiber which is known for its prebiotic action, the passion fruit peel is composed of approximately 1.5 g of protein, 0.8 g of lipids, 8.7 g of ash, 56 g of carbohydrates per 100 g of dry matter and is also a source of iron, calcium, phosphorus and niacin (Cordova, Gama, Winter, Kaskantzis Neto, & Freitas, 2005; Yapo & Koffi, 2008) . Therefore, it should not be regarded just as an industrial waste, since it can be used for the development of new functional products such as the probiotic ones.
Both dietary fiber and probiotics are reported to relieve constipation and reduce the incidence of colon cancer (Farnworth, 2008; Kaur & Gupta, 2002) . In addition, some dietetic fibers from fruit have been recommended as ingredient to probiotic dairy foods because of their beneficial effect on the viability of these bacteria (Espírito-Santo et al., 2010; Kourkoutas et al., 2006; Sendra et al., 2008) . However, from the technological point of view the addition of fruit dietetic fiber into a food product with a smooth texture such as yoghurt is a challenge. Both the fermentation and the fragile equilibrium of yoghurt structure can be affected by any fiber added into the milk as well as by the milk type itself (Kumar & Mishra, 2003; Sendra et al., 2008; Sodini, Remeuf, Haddad, & Corrieu, 2004; Staffolo, Bertola, Martino, & Bevilacqua, 2004) . The analysis of the texture profile of yoghurt-like products offers some advantages such as reduced test time and quantification of structural breakdown, being a useful technique to evaluate the protein gel strength (Kumar & Mishra, 2003) .
The influence of the milk type and the addition of total dietetic fiber from fruits on kinetics and textural properties of fermented milk products still have been underexploited. This study aimed at evaluating the effect of the milk type and of the powder obtained from passion fruit by-product on the kinetic and texture parameters, post-acidification and microorganism counts of probiotic yoghurts during four weeks of cold storage.
Materials and methods

Total dietary fiber preparation
Passion fruit by-product was obtained from an industry of fruit pulp located in the city of Jundiai, São Paulo State, Brazil. The peels of passion fruit were dried in oven under air flow at 60 C until constant weight. The dry peels were reduced to fine powder in a Bimby processor (model TM 31, Vorwerk Ò , Wuppertal, Germany).
In order to make the mixture of the fiber powder into the reconstituted milk easier, the particle size was standardized to less than 42 mm, measured through sieves (Granutest, São Paulo, Brazil). The passion fruit peel powder (PFPP) was stored in clapped glass bottles and kept under refrigeration at 4 C until use.
Milk preparation
Skimmed milk Molico Ò and whole milk Ninho Ò powders (Nestlé, Araçatuba, Brazil) were both reconstituted to 12 g 100 mL À1 of distilled water and each one was divided into two milk samples. In order to define the highest amount of the passion fruit peel powder that caused the minimum volume of whey separation by the end of fermentation, previous fermentation tests were made with the two types of milk in graduated 50 mL Falcon tubes with addition of the powder varying from 0.5 to 1.0 g 100 mL À1 of milk. As result, 0.7 g of PFPP in 100 mL of milk was added into the two types of milk. Samples without the PFPP were used as control. All milk bases were heat treated at 85 C for 15 min under agitation in a water bath and then divided into sterile Schott Ò flasks (500 mL), cooled in an ice bath, and stored at 4 C for 24 h.
Microbial cultures
We used in this study a freeze-dried starter yoghurt culture (CY340. DSM, Moorebank, NSW, Australia) e composed of Streptococcus thermophilus (St) and Lactobacillus delbrueckii subsp. bulgaricus (Lb) e and four probiotics, namely two strains of Lactobacillus acidophilus (L10. DSM, and NCFM. Danisco, Madison, WI, USA) and two strains of Bifidobacterium animalis subsp. lactis (Bl04 and HN019. Danisco). The lyophilized cultures were diluted in sterilized milk and divided into aliquots into Eppendorf Ò flasks and frozen at À20 C. Each inoculum was prepared by thawing the cultures and diluting them into 50 mL of sterilized skim or whole milk, according to the milk base to be fermented. Each Schott Ò flask containing 500 mL of reconstituted milk was inoculated with 1 mL of yoghurt starter co-culture with an average count of 8.2 Log CFU mL À1 of St and 5.4 Log CFU mL À1 of Lb and 1 mL of probiotic culture with counts around 6.4 Log CFU mL À1 (P > 0.05).
Experimental procedure
Eight different PFPP-enriched yoghurts were prepared using the four probiotic strains in the two different milk bases, plus eight controls without passion fruit peel powder.
After inoculation, the flasks with the samples were transferred to water bath equipment assembled to a CINAC (Cynetique d'acidification, Ysebaert, Frépillon, France) system (Spinnler & Corrieu, 1989) , which allows the continuous measurement and recording of pH and the measurement of the four kinetic parameters considered in this study: (a) the maximum acidification rate (V max ), expressed in 10 À3 pH units per min, (b) the time to reach the maximum acidification rate ðT Vmax Þ, (c) the time to reach pH 5.0 (T pH5.0 ), near to the isoelectric point of casein and (d) the time to complete the fermentation (T pH4.5 ), all expressed in hours. Two independent batch fermentations were carried out in duplicate on different days at 42 C up to pH 4.5. Once the desired pH was reached, the fermentation time (T pH4.5 ) was recorded and the flasks were cooled to 20 C in an ice bath. The coagulum was then broken by means of a perforated disk on a stainless steel rod that was moved upwards and downwards for 2 min. The stirred yoghurt was put into 50 mL polypropylene cups, thermally sealed and stored at 4 C.
Total solids, post-acidification and titratable acidity
Determination of total solids in milk bases and titratable acidity in yoghurts were made according to AOAC (1995) . The postacidification was determined as pH after 1, 14 and 28 days of cold storage using a pH meter, model Q-400M1 (Quimis, São Paulo, Brazil). The results were expressed as the means of four replicates.
Microbiological analyses
Bacterial enumerations were carried out after 1, 14 and 28 days of cold storage in four replicates of each batch. Samples (1 mL) were diluted with 0.1 g 100 g À1 sterile peptone water (9 mL). Afterward, serial dilutions were carried out, and bacteria were counted, applying the pour plate technique (Kodaka, Mizuochi, Teramura, & Nirazuka, 2005) . All media were obtained from Oxoid (Basingstoke, UK). In co-cultures, S. thermophilus colonies were enumerated in M17 agar, while those of L. delbrueckii subsp. bulgaricus in MRS (pH 5.4), both under aerobic incubation at 37 C for 48 h. The probiotic microorganisms were incubated at 37 C for 72 h under anaerobic conditions provided by AnaeroGen (Oxoid). Enumerations of L. acidophilus were carried out in MRS (pH 6.2) plus 10 mL mL
À1
clindamycin (50 mg mL À1 ), and B. animalis subsp. lactis in Reinforced Clostridial Agar plus 100 mL mL
of dicloxacillin (2 mg mL À1 ). Antibiotics were employed to allow selective growth of the probiotic bacteria. M17 and MRS media (pH 5.4) were prepared according to Jordano, Serrano, Torres, and Salmeron (1992) and Dave and Shah (1996) , and MRS plus clindamycin according to Lankaputhra and Shah (1996) . Cell concentration was expressed as Log CFU mL À1 of yoghurt.
Texture profile
Texture measurements were carried out as described by Damin, Minowa, Alcantara, and Oliveira (2008) . Firmness was determined at 4e6 C by penetration tests made with a TA-XT2 texture analyzer (Stable Micro Systems, Godalming, England) on 50 g packed samples. The probe was a 25 mm diameter acrylic cylinder, moved at a pretest speed of 5 mm s À1 and a test speed of 1 mm s À1 through 10 mm within the sample. The results were expressed as the average of three measurements. Texture properties such as firmness, consistency and cohesiveness were considered. As yoghurt presents a pseudoplastic behavior and exhibits partial thixotropy, firmness was measured as the force required to break the structure formed after the cessation of stirring and during the cold storage of the yoghurt (Ramchandran & Shah, 2009; Rawson & Marshall, 1997) , consistency as the property by which a material (in this case the yoghurt) resists to a change in shape (Deman, 1983) and cohesiveness as the extent to which the yoghurt could be deformed before it ruptures (Rawson & Marshall, 1997 ).
Statistical analyses
The parameters of experimental yogurts were assessed by General Linear Model ANOVA by using Statistica 8.0 Ò software (Statsoft, Tulsa, OK, USA). Different groups were compared by the Tukey test at P < 0.05, and statistically significant differences among them were indicated by different letters.
Results and discussion
Total solid, pH and kinetics parameters of acidification
The content of total solids of both whole and skim heat treated milk bases without PFPP was around 13.04 AE 0.12 g 100 g
À1
, while with PFPP was 14.01 AE 0.09 g 100 g
. As expected, the presence of PFPP increased significantly the total solids content of milk bases (by approximately 1%, P < 0.05). The PFPP addition reduced significantly the initial pH of the milk bases which was 6.42 AE 0.07 and 6.58 AE 0.09 in milks with and without PFPP respectively (P < 0.05).
As Table 1 shows, the maximum rate of acidification (V max ) was significantly reduced (P < 0.05) by the addition of passion fruit peel powder in both milk types, which can probably be ascribed to the presence of substances with buffering capacity in the passion fruit peel, such as organic acids and phenolic compounds (Zibadi & Watson, 2004) . Furthermore, it was observed that control skim yoghurts co-fermented by Bifidobacterium strains exhibited higher V max than the control whole yoghurts co-fermented by the same strains (P < 0.05). Nevertheless, the time to reach the maximum acidification rate (T max ) was significantly reduced by the presence of the PFPP only in whole milk bases and in skim ones co-fermented by lactobacilli. The passion fruit peel powder had no effect on the time to reach pH 5.0 (T pH5.0 ) except for the skim yoghurt cofermented by L. acidophilus NCFM, in which the PFPP reduced this parameter. Moreover, the time to complete fermentation (T pH5.0 ) in skim control yoghurts co-fermented by Lactobacillus strains was longer than in whole ones (P < 0.05), thereby indicating a clear effect of the milk type (Table 1) .
The fermentation lasted from 4.3 to 5.5 h in whole yoghurts and from 5.3 to 6.8 h in skim yoghurts. Considering the milk type, in general the fermentation was quicker in whole milk than in skim milk (P < 0.05), while the addition of passion fruit peel powder significantly accelerated the fermentation in all skim yoghurts, except that performed by Bifidobacterium lactis Bl04. On the other hand, the fiber had no statistically significant effect on T pH4.5 in whole yoghurts (P > 0.05). The largest reduction of T pH4.5 (1 h) due to the passion fruit peel powder addition was observed in skim yoghurt fermented by L. acidophilus NCFM (P < 0.05), although no statistically significant difference (P > 0.05), was noticed in the whole yoghurts fermented by the same probiotic strain.
According to Varghese and Mishra (2008) , the buffering capacity is directly proportional to the total solids (TS) content of the fermented product, which can lead to longer fermentation time. This observation, which is certainly valid for TS increasing with milk derivatives, does not seem to be applicable to TS increase induced by passion fruit peel powder addition that in some cases even accelerated the fermentation (Table 1) . On the other hand, Almeida, Tamime, and Oliveira (2009) ascribed the different acidification profiles of different LABs to their peculiar capacity to assimilate nutritive compounds of the milk, which could explain the differences in the kinetic parameters observed amongst the various yoghurts. According to McCann, Fabre, and Day (2011) , the carrot cell wall addition was clearly the responsible for the reduction in 1 h of the fermentation time of yoghurt fermented by St and Lb. However, in the present study, the correlation analyses indicates that multiple factors, such as the lipid content of the milk, the culture composition and the presence of PFPP can affect the acidification parameters of probiotic yoghurts.
Post-acidification and titratable acidity
The results of post-acidification (pH) and titratable acidity during the shelf-life of the yogurts are presented in Table 2 . After one day of cold storage, the pH of yoghurts ranged from 4.37 to 4.50, and the largest differences between the yoghurts with passion fruit peel powder and the controls were detected in skim yoghurts fermented by L. acidophilus L10 (4.42 PFPP yoghurt and 4.50 control) and B. lactis Bl04 (4.42 PFPP yoghurt and 4.48 control) (P < 0.05). Titratable acidity varied from 0.64 to 0.74 mg lactic acid g À1 in whole yoghurts and from 0.87 to 1.07 mg lactic acid g À1 in skim yoghurts. The increase in this parameter induced by the addition of passion fruit peel powder was statistically significant in all yoghurts (P < 0.05), but the whole ones co-fermented by B. lactis strains. After 14 days of shelf-life the pH of all yoghurts decreased significantly (P < 0.05) and ranged from 4.21 to 4.38 amongst the whole yoghurts and from 4.26 to 4.38 amongst the skim ones. On the other hand, after 28 days, it was observed a slight but significant Table 1 Kinetic parameters of acidification of plain and skim milks fermented by starter co-culture associated with different probiotic strains with and without passion fruit fiber.
Milk type
Treatment Probiotic strain V max (10 increase in the average pH of control whole yoghurts co-fermented by L. acidophilus NCFM and B. lactis strains and PFPP whole yoghurts co-fermented by L. acidophilus strains and B. lactis Bl04 (P < 0.05). Surprisingly all the whole yoghurts with passion fruit peel powder showed higher pH than their respective controls (P < 0.05). However, such a scenario did in not happen within the skim yoghurts group. In this case the fiber did in fact promote a significant decrease in the pH of all yoghurts, except that co-fermented by B. lactis Bl04. A possible explanation of this dual behavior could be the simultaneous occurrence of fatty acid consumption as carbon source after sugar depletion and fiber pectin degradation to uronic acids. Prevalence of the former activity in whole yoghurts was likely responsible for alkalinization, whereas its absence in skim yoghurts led to acidification. After 14 days of shelf-life all whole yoghurts exhibited a significant increase in their titratable acidity, but they still had lower acidity level compared with the skim yoghurts (P < 0.05). At 14 and 28 days the highest values of average titratable acidity were observed in skim yoghurts with passion fruit peel powder (P < 0.05).
Considering the whole period of shelf-life, it was observed that the average titratable acidity in yoghurts containing passion fruit peel powder was significantly higher than in their respective controls, and that in skim yoghurts higher than in the whole ones (P < 0.05). As far as the probiotic cultures is concerned, in general, the yoghurts co-fermented by L. acidophilus strains exhibited lower titratable acidity than those co-fermented by B. lactis strains (P < 0.05). Such a behavior should be indeed expected by the fact that the homolactic metabolism of the former leads to two lactic acid moles per mole of glucose consumed, while that of bifidobacteria to 1 mol of lactic acid and 1.5 mol of acetic acid.
Microorganisms viability
During the whole shelf-life, S. thermophilus counts were stable and ranged, as an average, from 8.6 to 10.9 Log CFU mL À1 (Fig. 1) . In Table 2 Post-acidification (pH) and titratable acidity during shelf-life of control and passion fruit fiber yogurts. the period between 1 and 14 days, a mild but significant decrease in St counts occurred in all yoghurts co-fermented by L. acidophilus strains, but an increase in skim yoghurts co-fermented by B. lactis strains (P < 0.05).
In contrast with St counts invariability during shelf-life, L. delbrueckii subsp. bulgaricus suffered a large decrease in its counts, which ranged from 6.2 to 9.5 and from 2.9 to 7.1 Log CFU mL À1 after 1 and 28 days, respectively (Fig. 2) . At the end of the whole shelf-life, the highest counts of Lb were observed in yoghurts co-fermented by L. acidophilus strains, particularly the L10 one (P < 0.05). Such a symbiotic effect of L. acidophilus L10 on Lb was previously noticed by Espírito-Santo et al. (2010) . At the 1st day of cold storage, the probiotic counts varied from 8.5 to 10.8 Log CFU mL À1 in yoghurts co-fermented by L. acidophilus strains and from 7.9 to 9.9 Log CFU mL À1 by B. lactis strains (Fig. 3) .
Amongst the skim yoghurts, the counts of L. acidophilus were about 1 Log higher than those of B. lactis (P < 0.05) in spite of the same counts of both probiotic species in the inocula. Regarding the control, a beneficial effect of passion fruit peel powder was observed only in B. lactis Bl04 counts in skim yoghurt, but the contrary took place in whole yoghurt (P < 0.05). A dramatic change in the probiotic counts profile in skim yoghurts occurred after 14 days of shelf-life. The counts of B. lactis raised by 1.5 Log as an average and were significantly higher than the ones of L. acidophilus that decreased by about 2 Log (P < 0.05). Furthermore, the passion fruit peel powder had a beneficial effect on the counts of B. lactis strains in skim yoghurts and those of B. lactis HN019 in whole yoghurt (P < 0.05), the only negative effect Control skim yoghurt; passion fruit peel powder skim yoghurt; , control whole yoghurt; passion fruit peel powder whole yoghurt. of the fiber being detected in the counts of L. acidophilus NCFM in whole yoghurts (P < 0.05) (Fig. 3) . Some studies of supplementation of fermented milks with fruit or fruit fibers presented different results in the counts of L. acidophilus (Espírito Santo, Perego, Converti, & Oliveira, 2011) . In the present study, the counts of L. acidophilus L10 were not affected by the addition of PFPP in the yoghurts made with the two types of milk, in spite of Kailasapathy, Harmstorf, and Phillips (2008) had reported the decrease in the counts of the same probiotic strain in fermented milk supplemented with passion fruit juice.
At the end of shelf-life, the counts of the probiotic strains ranged, as a whole, from 6.4 to 8.9 Log CFU mL À1 , being higher in skim yoghurts except for L. acidophilus L10 on which no effect due to milk type was observed. The passion fruit peel powder did not promote any significant variation in the probiotic counts, except in that of B. lactis Bl04 in whole yoghurt that was 0.8 Log higher than its control. Talcott, Percival, Pittet-Moore, and Celoria (2003) and Narain, Almeida, Galvão, Madruga, and Brito (2004) reported that some compounds of passion fruit, such as phenolic compounds, fatty acid esters, thiols, terpenes and alcohols can inhibit the growth of L. acidophilus.
According to a study of Vinderola, Costa, Regenhardt, and Reinheimer (2002) , the strawberry, pineapple and kiwi juices did not influence the growth of L. acidophilus when the juices were previously neutralized. Likewise, the initial pH of the milk containing passion fruit peel powder e which was near the neutrality (pH 6.42) e may have attenuated the possible negative effect of the acidity from the fruit on the viability of L. acidophilus and B. lactis strains tested. Besides, the concentration of passion fruit peel powder may not have been enough to exert an inhibitory effect on the probiotics, with exception of the NCFM strain on the 14th day.
Texture profile
The texture profiles of the different yoghurts evaluated after 1, 14 and 28 days of cold storage are shown in Table 3 .
Regarding only the influence of the milk type, during the cold storage the whole control yoghurts co-fermented by lactobacilli showed higher firmness, consistency and cohesiveness than the respective skim ones (P < 0.05). This observation is supported by some studies that pointed out that a reduction in fat content can cause a fragile texture due to weaker network of the protein gel in yoghurts (Guven, Yasar, Karaca, & Hayaloglu, 2005; Ramchandran & Shah, 2009) . As far as the influence of passion fruit peel powder is concerned, it promoted, as an average, higher values of all texture parameters in skim yoghurts cofermented by B. lactis strains compared to their respective controls or to whole yoghurts with PFPP (P < 0.05). Meanwhile, it reduced significantly the firmness and consistency, but not the cohesiveness, of whole yoghurts co-fermented by L. acidophilus L10.
As expected, in general, all texture parameters significantly increased during cold storage, being the most marked increase observed after 1 and 14 days. Garcia-Perez et al. (2006) found that the addition of orange fiber below 1% concentration reduce the firmness of skim yoghurt. However, the present study shows that at the end of storage, firmness and consistency in all passion fruit peel powder skim yoghurts were higher than in their respective controls, except when using L. acidophilus NCFM as probiotic, while their cohesiveness was increased by the addition of the PFPP in all cases. As regards the whole yoghurts, firmness was higher in controls co-fermented by L. acidophilus NCFM and B. lactis strains (P < 0.05), while consistency and cohesiveness were significantly higher in the same yoghurts but that co-fermented by B. lactis Bl04.
According to Damin et al. (2008) , the firmness is higher in yoghurts lasting longer fermentation time. However, in the present study skim yoghurts co-fermented by lactobacilli e in spite of the longer fermentation time e did not show any firmness increase after 1 day of cold storage compared to the other treatments.
Cultures of lactic acid bacteria producer of exopolysaccharides (EPS) have been used to improve the texture of yoghurts (Sodini et al., 2004; Welman & Maddox, 2003) . However, the high counts of EPS-producing L. acidophilus and S. thermophilus in skim yoghurts did not correspond to any increase in their textural parameters. This observation can be explained with the formation of a few weak polysaccharideeprotein interactions instead of more stable proteineprotein ones (Folkenberg, Dejmek, Skriver, Guldager, & Ipsen, 2006; Ramchandran & Shah, 2009) , which may have contributed to lowering the firmness of yoghurts.
The results of the present study taken together suggest that the textural parameters were influenced by a combination of factors such as culture composition, milk type and passion fruit peel powder addition, which justifies further efforts in this field. 
Conclusions
Results demonstrated that PFPP reduced significantly the maximum acidification rate in both skim and whole milks and reduced the fermentation time in all skim yoghurts, except the one fermented with B. lactis Bl04. Total titratable acidity was higher in skim yoghurts, especially in those with PFPP, indicating a lower buffering capacity of the skim milk regarding the whole one. In general, skim yoghurts presented higher counts of probiotic bacteria than the whole ones. The yoghurts with passion fruit peel powder had variable counts of probiotics but similar to those of control yoghurts in most of the cases. Passion fruit peel powder increased cohesiveness of all probiotic skim yoghurts. However, in the case of some whole yoghurts, the PFPP decreased firmness and consistency regarding the respective controls without the powder. The data show that the addition of PFPP into the yoghurt effects differently the parameters studied depending on the combination of bacteria and mainly on the milk type, being in general more favorable in the case of skim yoghurts.
